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Abstract 
The paper applies Environmental Kuznets Curve theory to an empirical study of the correlation among Suzhou’s 
waste disposal, economic growth and trade growth. The paper arrives at the conclusion that Suzhou’s environment 
may continue to worsen. To sustain its trade growth, Suzhou should optimize its export mix, promote technological 
innovation and implement industrial restructuring in order that a balance should be achieved between economic 
growth and environment. 
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1. Introduction 
China’s rap id economic and trade expansion and worsening environmental problems increasingly 
bring trade and environmental interests into conflict. Suzhou is a prefecture-level city in the province of 
Jiangsu, China. In 2009, Suzhou achieved an export volume of 114.085 billion US dollars and an import 
volume of 87.361 billion US dollars, totaling 201.446 billion US dollars.  Export volume accounted for 
57.24% of Jiangsu’s total and 9.49% of China’s total. Suzhou held onto its position as the fourth largest 
exporter and third largest importer among China’s  large and medium-sized cit ies. However, rap id 
economic expansion has an impact on the city’s environmenta l quality. Suzhou is confronted with 
mounting pressures to reduce carbon emissions. The study on the correlation between Suzhou’s 
environment and trade is significant for the city’s sustainable trade growth.  
2. Suzhou’s Export Trade and Environment 
2.1.  Suzhou’s export trade  
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Between 2002 and 2009, Suzhou’s import and export volume grew to 201.4 b illion US dollars from 
32.4 billion US dollars. In 2009, export vo lume was down by 13.4% to 114.085 billion US dollars against 
131.7 billion US dollars  in 2008 owing to the impact of the global financial crisis. Suzhou remained to be 
the third largest exporter among China’s cit ies. In terms of export modes, processing trade holds a 
dominant position though the percentages vary year on year. In 2009, processing exports totaled 87.972 
billion US dollars, accounting for 77.11% of the total export volume compared with the largest proportion 
of 82.9% in 2005 and the s mallest proportion of 75.8% in 2002. In  terms of export  mix, the proportion of 
labor-intensive exports declined while that of technology-intensive ones grew. For example, the export of 
mechanical and electrical products accounted for 71.47% of the city’s export volume in 2009 against 
58.92% in 2002. The export of labor-intensive textile materials and products accounted for 8.4% in 2009 
against 16.26% in 2002.   
2.2 Disposal of industrial waste gas, industrial waste water,  industrial solid waste 
The more developed a region’s industrial capacity, the greater the potential for economic growth and 
development. But industrial activ ities and growing demand are putting pressures on  environment. For an 
export-oriented economy like Suzhou, large volumes of disposal of industrial waste come from 
production of trade-related goods. Between 2000 and 2006, industrial was te gas emission rose 
considerably. The emission fell in 2007 and has grown in the next  two years. Since 2006, industrial waste 
water disposal has declined. In 2003, solid waste disposal hardly increased over the previous year, but 
increased considerably in the next two years and has stayed at a steady level since 2005. As the overall 
volume of waste disposal is huge, the environmental situation is worry ing even though the disposal 
increases are moderate. 
3. Environmental Kuznets Curve Analysis
3.1 Environmental Kuznets Curve 
Simon Kuznets researched into the correlation between per capita income and distribution equality and 
his studies concluded that income distribution inequality increases over time while a country is 
developing, and then after a certain average income is attained, inequality begins to decrease. This can be 
represented by an inverted U CurveǏǐ. There are two major explanations for the Curve .One regards 
environment as a commodityǏǐ . In economically backward nations, the demand for tangible goods 
outweighs the demand for environment. When an economy expands to certain  level, the demand for 
environment will rise. The other exp lanation is the effects of economic scale and technology on 
environment. As the economy grows, more natural resources are consumed and carbon emission and 
waste disposals rise. But when economic scale  reaches a certain  threshold, the resource-consuming 
industrial sector will be replaced by  the high-tech sector. Hence, carbon emission and waste disposal will 
fall and environmental situation will improve through environmental-friendly policies and technologies. 
Studies prove that EKC curve does exist and that imbalanced economic growth, factor d ifferences like 
trade openness and environmental policies lead to an inverted U curve. Studies, done from other 
perspectives, show that EKC curves can also be in the form of a U curve , an N curve, or an inverted N 
curve
Ǐǐ
.  
Table 1    Suzhou’s GDP and industrial waste disposal between 2002 and 2009 
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Table 2 waste disposal (p) and per capita GDP output  
3.2 Empirical study of Suzhou’s Environment Kuznets Curve (EKC) 
3.2.1 Data selection and data collection 
 The researchers collect data on Suzhou’s disposal of industrial waste water, industrial waste gas and 
solid waste, the city’s per cap ita GDP, and the city’s export volume and then use the data to construct 
Environmental Kuznets Curve. The researchers apply Eviews to analyze the correlation between 
Suzhou’s export trade growth and environmental quality.  Data on industrial waste gas, industrial waste 
water, and industrial solid waste are collected to represent pollutants. The export volume is used to 
measure export t rade. As per capita GDP reflects the actual income level better than total GDP, the per 
capita GDP is used for the research. The per capita GDP and export  data are collected from Suzhou 
Statistics Yearbooks from 2003 to 2010. Industrial waste disposal data are collected from Suzhou 
Year 
aGDP 
˄Yuan˅ 
Export   
(100 m  US 
dollars˅ 
Waste gas 
˄100m m3˅ 
Waste wate
˄10,000 tons˅ 
Solid waste 
˄10 ,000tons˅ 
2002 35733 185.21 3378 59082.39 620 
2003 47693 326.24 3471 59909.26 623.49 
2004 57992 507.74 4272 62425.99 891.42 
2005 66766 727.75 5163 77681.93 1564.39 
2006 78802 946.85 6984 73227.28 1620.39 
2007 91911 1188.84 5557.3 67644.71 1663.6 
2008 10 6863 1317 5904.7 58761.75 1675.7 
2009 122565 1140.85 6611 57348.65 1879.6 
Waste disposal Curve type constant  aGDP aGDP2 aGDP3 R2 F value 
Waste gas 
(100m m3) 
Quadratic -660.5433 
(-0.3033) 
0.1226 
(2.0545) 
-5.33E-07 
(-1.4320) 
 0.7875 0.6624 
Cubic 
-877.7128 
(-0.1234) 
0.1325 
(0.4266) 
-0.68E-07 
(-0.1595) 
5.73E-13 
(0.0325) 0.7876 0.6476 
waste water 
˄10,000 tons˅
Quadratic 
23758.19 
(1.4735) 
1.2101 
(2.7393) 
-7.82E-06 
(-2.8375)  0.6214 0.4686 
Cubic 
7905.038 
(0.1521) 
1.9292 
(O.8503) 
-1.77E-05 
(-0.5783) 
4.18E-11 
(0.3245) 
0.6312 0.8218 
solid waste 
˄10,000 
tons˅ 
Quadratic -925.8882 
(-1.5292) 
0.0462 
(2.7834) 
1.93E-07 
(-1.8686) 
 0.8860 1.5942 
Cubic 
-548.5392 
(-0.2788) 
0.0291 
(0.3383) 
4.20E-08 
(0.0362) 
-9.95E-13 
(-0.2041) 0.8872 0.9419 
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Environmental Bulletins from 2003 to 2010. As availab le annual official data start from 2003, the 
research uses the data for the eight years between 2002 and 2009.  
3.2.2 Modeling 
 Inverted EKC model has three basic functions: quadratic curve, cubic curve, and a combined function 
of quadric curve, cubic curve and logarithm function. Based on the previous literature on EKC model, the 
research constructs a Quadratic Model between Environmental Pollution (P) and per capita GDP (aGDP). 
 P=c(1)+c(2)*aGDP+c(3)*aGDP2+e                                                                   (1) 
P=c(1)+c(2)*GDP+c(3)*GDP2 +c(4)*aGDP3+e                                               (2) 
Based on regression results, possible curves may exist: (1) If c(2)>0ǃc(4)>0, a cubic curve or an N 
curve would exist; if  c(2)<0ǃ c(4)<0, inverted N curve would exist. (2) If c(2)>0ǃc(3)<0 and c(4)=0, U 
curve would exist; if c(2)<0ǃc(3)>and˄4˅=0, an inverted U curve would exist. (3) if c(2)Į0,ф
c(3)=0ǃc(4)=0, the relationship between environment and income is linear. 
3.2.3 Empirical analysis 
The empirical study starts with an estimation of quadric terms and cubic terms including per capita 
GDP factor. Then the study measures  t statistic value and examines if N Curve or inverted N curve exists. 
The table below is the regression results based on industrial waste gas disposal (wg), industrial waste 
water disposal (ww), and industrial solid waste disposal (sw), and per capita GDP (aGDP).  
Regression output of industrial waste gas is: 
wg=-660.5433+0.1226*aGDP-5.33E-07*aGDP2 
wg=-877.7128+0.1325*aGDP-6.08E-07* aGDP2+5.73E-13*aGDP3              N curve 
Regression output of industrial waste water is: 
ww=23758.19+1.2101*aGDP-7.82E-06 aGDP2 
ww=7905.038+1.9292*aGDP-1.77E-05* aGDP2+4.18E-11* Agdp3          N curve 
Regression output of industrial solid is: 
 sw=-925.8882+0.0462*GDP+1.93E-07*aGDP2 
sw=-548.5392+0.0291*aGDP+4.20E-08* aGDP2-9.95E-13* Agdp3     inverted N curve   
Table 2 shows that the cubic function fits better than the quadric function. This implies that pollution 
and per capita GDP not only keep to a quadric curve, but also have more complex curves. The study 
shows that the cubic curve among industrial waste gas, industrial waste water and industrial solid waste 
features N curve, N curve and inverted N curve. The regression equation shows that Function 
P=c(1)+c(2)*GDP+c(3)*GDP2 +c(4)*aGDP3+e has a maximum value for industrial waste gas, industrial 
waste water, or industrial solid waste. That means waste disposal has a maximum value, i.e., a maximum 
level of pollution. The findings are in keeping with Environment Kuznets Curve. In summary, the curve 
type, shaped like the left side of EKC, has not reached the turning point yet. It can be inferred that 
pollution will worsen as Suzhou’s local economy expands.  
3.2.4 Further estimation 
 In international trade, environment can be considered as an endowment factor. According to David 
Ricardo’s comparat ive advantage theory, foreign trade can have an impact on environmental quality. This 
section includes export trade factor to further analyze Environmental Kuznets Curve. The purpose is to 
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study if changes or what changes would take place when trade is factored in. The study attempts to find 
out the correlation between Suzhou’s export trade and pollutants disposal. The trade variable uses the 
ratio of export against GDP (EX/GDP). Regression analysis is made after trade is factored into equation 
(1) and (2): 
P=c(1)+c(2)*aGDP+c(3)*aGDP2+c(4)*(EX/GDP)                                    (3) 
P=c(1)+c(2)*aGDP+c(3)*aGDP2+c(4)*aGDP3+c(5)*(EX/GDP)              (4) 
 The regression output for industrial waste gas is an inverted N curve: 
wg=4072.88-0.1441*aGDP+1.04E-06*aGDP2+4.32*(EX/GDP)     
wg=1451.64-0.0538* aGDP-1.39E-06*aGDP2+1.40E-11*aGDP3+66.24*(EX/GDP)  
The regression output for industrial waste water is also an inverted N curve: 
ww=4072.88-0.1441*aGDP+1.04E-06*aGDP2+4.32*(EX/GDP)     
ww=1451.64-0.0538* aGDP-1.39E-06*aGDP2+1.40E-11*aGDP3+66.24*(EX/GDP) 
The regression output for industrial waste gas is inverted N curve as well: 
sw=1654.14-0.0981*aGDP+6.56E-07*aGDP2+22.81*(EX/GDP) 
sw=560.11-0.0604*aGDP-3.58E-07*aGDP2+5.86E-12*Agdp3+32.80*(EX/GDP)  
Based on the above regression results, the regression curve with trade being factored in is an inverted 
N curve. In addition, the correlation between each industrial waste category and per capita GDP is greater 
than the regression done with trade factor excluded. The cubic curve makes better estimation than the 
quadratic curve. In the regression equation of a particular waste category, the EX/GDP coefficient is 
positive. That is in keeping with environmental economic hypothesis: Industrial waste disposal increases 
as export expands. Export trade has a positive correlation with environmental pollution. The regression 
result remains the same when trade is not factored in. Currently, Suzhou’s environment pollution is 
worsening. As trade expands, it can be inferred that the environmental situation may further worsen. 
Table 3 Suzhou’s GDP and export trade between 2002 and 2009 
Table 4 Regression output of waste disposal (p) and EX/GDP   
Year 
Export  
˄100m US 
dollars˅ 
GDP 
˄100m US 
dollars˅ 
Annualized 
average exchange 
rate of Us dollars 
against Yuan 
GDP 
˄100m US 
dollars˅ 
EX/GDP 
˄%˅ 
2002 185.21 2080 8.277 251.30 73.7 
2003 326.24 2802 8.277 338.53 93.4 
2004 507.74 3450 8.277 416.82 121.8 
2005 727.75 4026 8.1765 492.45 147.8 
2006 946.85 4820 7.9365 607.12 156.0 
2007 1188.84 5700 7.576 752.38 158.0 
2008 1317.00 6701 6.9451 964.85 136.5 
2009 1140.85 7740 6.831 1133.07 100.7 
Waste disposal Curve 
type Constant  aGDP aGDP
2 aGDP3 EX/GDP R2 F value 
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3.2.5 Summary 
The findings of the regression are: As Suzhou’s GDP value and export volume expand, waste disposal 
increases caused by industrial production exceed pollutant reductions brought by environment-related 
technological progress and policy changes. The EKC Curve indicates that Suzhou, at its current industrial 
development stage, has a rising volume of waste disposal. The city ’s environment may be worsening as 
the local economy continues to expand and waste disposal increases. 
4. Recommendations 
4.1 Optimize export mix 
For Suzhou’s export trade to expand in an environmental-friendly manner, the proportion of primary 
commodities damaging environment and having little added value should continue to be reduced. To 
tackle the problem, the internalization of environmental cost is essential. The purpose is to inhibit mass 
production and export of polluting products and to reduce the negative impact of export on environment.  
A host of regulation policies can be introduced: rigid environmental criteria , waste disposal levies, waste 
disposal permits, and an environmental tax system.  
4.2  Promote technological innovation 
Suzhou has an extensive growth mode and ecological innovation progress is insufficient. Pollution 
control technologies should be developed and used in traditional industrial sectors. Financial and policy 
support from the provincial and local governments is essential. On the other hand, local businesses should 
take on greater environmental responsibilities. They should switch to renewable resources and implement 
clean production. They should plough profits back into technological innovation and achieve a 
sustainable balance between business expansion and environmental quality.   
4.3   Industrial restructuring 
The labor-intensive processing trade should be transformed to a capital-intensive and technology-
intensive processing trade. At the same t ime, the scale of polluting  industries should be limited. In  the 
process, Suzhou should rationally use foreign capital to facilitate industrial restructuring. On the one hand, 
the city should, on the strength of low-cost labor pool and cutting-edge technologies made available in the 
waste gas 
( 100m M3 ) 
 
Quadr
atic 
4072.88 
(0.7137) 
-0.1441 
(-0.4809) 
1.04E-06 
(0.5875)  
4.32 
(0.9123) 0.8227 1.4949 
Cubic 
1451.64 
(0.1958) 
-0.0538 
(-0.1519) 
-1.39E-06 
(-0.3269) 
1.40E-11 
(0.6402) 
66.24 
(1.0579) 0.8440 0.9952 
waste water 
(10,000 tons) 
Quadr
atic 
76808.90 
(2.1581) 
-1.7564 
(-0.9395) 
9.66E-06 
(0.8748) 
 
469.07 
(1.6213) 
0.7716 1.4936 
Cubic 
36268.01 
(1.4410) 
-0.3590 
(-0.2987) 
-2.79E-05 
(-1.9346) 
2.17E-10 
(2.9169) 
839.06 
(3.9473) 
0.9405 2.1216 
solid waste 
(10,000 tons) 
Quadr
atic 
1654.14 
(1.6615) 
-0.0981 
(-1.8759) 
6.56E-07 
(2.1259) 
 
22.81 
(2.8188) 
0.9618 1.3331 
Cubic 
560.11 
(0.7273) 
-0.0604 
(-1.6422) 
-3.58E-07 
(-0.8100) 
5.86E-12 
(2.5724) 
32.80 
(5.0424) 
0.9881 1.1244 
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West, speed up industrializat ion. On the other hand, the city should be on alert that low-tech and 
environment-polluting production and ensuing environment burdens might be shifted to the city.  
5. Conclusion 
It is the right time for Suzhou to optimize the export mix, promote technological innovation and 
implement industrial restructuring in o rder to hold  a leading position in  China’s foreign trade and to 
address the low-carbon challenges. 
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